Seabirds are good indicators of wider biodiversity and where they assemble in large numbers signifies sites important to many marine faunal species. Few such large assemblage sites have been identified and none in pelagic waters has been identified in the tropical Atlantic Ocean despite their importance for resident seabirds and those 'on passage' during migration. Here, we identify the likely location of just such an assembly site and provide preliminary information about the distribution of pelagic seabirds around Ascension Island in the tropical South Atlantic Ocean using a combination of trans-equatorial seabird migrant tracking data, records of at-sea surveys and land counts of seabirds returning from foraging trips. We found that waters north-north-west of Ascension Island are used more often by seabirds than those south and east of the island. Three-fifths of the species recorded in the assembly site breed at mid-or high-latitudes and some of these migratory seabirds stopover possibly to wait for favourable winds that facilitate onward flight. Our findings are important because to the best of our knowledge no seabird assembly sites have previously been identified in tropical Atlantic Ocean pelagic waters. We provide evidence to support the aspirations of the Marine Reserves Coalition that waters in the vicinity of Ascension Island should be recognised as a sanctuary for marine wildlife and we highlight an area that is worthy of further targeted investigation.
Introduction
). In these waters primary productivity is generally low compared with waters closer to the continental shelf (Marañón 8 et al., 2003) , and assembly sites may be rare and challenging to locate. 9 When compared with other taxa in marine ecosystems, assembly sites of seabirds are exceptionally well-studied (Croxall 10 et al., 2012). Breeding sites, e.g. on seabird islands (Mulder et al., 2011) and sites where seabirds assemble during the non-11 breeding season, e.g. at coastal upwellings (Schreiber and Burger, 2002 ) are well-described (Wiens, 1997), compared to those 12 in the open ocean that are harder to locate. However, one has been identified in the North Atlantic, e.g. Atlantic Northeast only have the potential to occur at sites where seabirds (i.e. some Procellariiformes and Charadriiformes) that breed at 15 high-or mid-latitudes, but are trans-equatorial migrants, mix with foraging tropical seabirds that breed on remote islands 16 as year-round residents (Mulder et al., 2011) . However, knowledge is limited because of scarcity of information about the 17 movements of migrants that breed at higher latitudes (Newton, 2008) . In contrast to at-sea surveys, relatively easily collected data can be gathered from land-based sea watching and used to We have used migratory tracks of seabirds published in the literature, at-sea records collected by the RNBWS and on-land 
Materials and methods

56
We have employed nautical miles (M) and kilometres (km) as the units of distance (1 M = 1.852 km). Nautical miles 57 were used because close to the equator one minute of latitude or longitude ≈1 M. The study area was centred on Ascension
58
Island (07°57 ′ S, 14°24 ′ W, 97 km 2 ) and waters within 500 M of it. Ascension Island was used for land-based sea watches area was split into four segments each of ≈700 000 km 2 in area and referred to as 'North West' (NW), 'North East' (NE),
13
'South East' (SE) and 'South West' (SW) (Fig. 1) . In each segment the area of 'high seas' (i.e. international waters) was approx. with more than 75% of their area falling outside the study site were excluded from the analysis. 
Trans-equatorial migrations
19
A literature search was carried out in Scopus and seaturtle.org using the keywords 'Tracking', 'Seabirds' and 'Migration' for 20 reports of Atlantic Ocean trans-equatorial migratory bird species. We found reports and tracks of eight such trans-equatorial 21 migrants that did not migrate along the African and South American continental shelf but crossed the equator mid-Atlantic
22
(i.e. 22°W ± 7°). They breed in the three geographically distinct regions of the Arctic and Antarctic and at mid-latitudes
23
( Table 1) .
24
We located the centroid for species that visit the study area at least twice per year (e.g. Cory's Shearwater) when 9 We searched the Royal Navy's world database (RNBWS, 2012) for seabirds sighted (defined as one or more birds of the 10 same species) in the study area between 1957 and 2011 (inclusive). The open access database contained approx. 35 000 at-11 sea records. Dates of sightings were used to identify temporal peaks in abundance. To estimate relative square abundance 12 of species, we examined the relative occurrence of sightings in 2°× 2°grid squares. High-use squares were defined as those 13 where the number of sightings was greater than the 90th percentile and the square with the largest number of sightings 14 was identified as a potential assembly site. Some of the sightings were of species that are resident on Ascension Island e.g.
At-sea surveys
15
Sooty Terns Onychoprion fuscatus (Hughes, 2014) . To calculate foraging range (i.e. the distance from Ascension Island to 16 where these seabirds were seen), we used the coordinates of each location and a geodetic distance calculator. 18 To identify the direction of flight used most frequently by foraging seabirds that breed on Ascension Island, diurnal sea 19 watches were conducted during field seasons between 1988 and 2012 (inclusive) (Hughes, 1994 (Hughes, , 2014 . Between 1990 and An analysis of the data revealed peak times of passage. Sea-watch effort then focused on the peak period from 1700 h prismatic compass (Lawrence and Mayo, London, UK). To enable the direction to be plotted the bearing was converted by 1 subtracting the magnetic variation (i.e. 17°, annual change 7 ′ E-DGMS, 1992). 4 We found that centroids of the trans-equatorial migrant Long-tailed Jaegers Stercorarius longicaudus (Gilg et al., 2013), of the study site (Fig. 2) . Centroids of the Sooty Shearwater, as shown in 
Land-based observations
Results
3
Distributions of species from published tracking data
Distributions of species from at-sea watches
16
Between 1957 and 2011 (inclusive), 156 sightings of 37 pelagic seabird species were recorded by the Royal Navy between 17 50 and 500 M from Ascension Island. They occurred predominantly in either April or November (Fig. 3 ). Sightings were 18 clumped with 74 or 48% of them recorded in just four high-use squares (Fig. 4) . One third (i.e. 53 or 34%) of sightings were 19 of tropical seabirds that are known to breed on Ascension Island and species that were seen on at least two occasions were 20 Sooty Terns (n = 10), Band-rumped Storm-petrels Oceanodroma castro (n = 7), Masked Boobies Sula dactylatra (n = 5),
21
Brown Noddies Anous stolidus, Ascension Frigatebirds Fregata aquila and Red-billed Tropicbirds Phaethon aethereus (n = 3 22 for each). Two thirds of the sightings were of long-distance migrants (102 or 65% of the total number of sightings). The most 
Flight direction of species from observations on land
5
In 1994 two distinct flyways used by seabirds breeding on Ascension Island were identified heading away from the island 6 towards the NW segment. No flyways were identified in the NE, SE or SW segments of the study area. Flyways were observed 7 from the west side and north-west corner of the island (Fig. 5) . Of the 10 954 seabirds that were identified using the flyway and of Black Noddies and Masked Boobies returning to the island were 312 ± 4°(n = 7) and 304 ± 7°(n = 9) from true 4 north, respectively (Fig. 2) . The highest rate of passage by seabirds along the flyways was represented by birds returning to 5 the island towards dusk and continued after dark. From timed counts between 1988 and 2012 (inclusive), the mean rate of 6 passage after 1800 h GMT was 1 650 ± 400 birds per hour for Sooty Terns (n = 6 timed observations), 800 ± 276 for Black
7
Noddies (n = 324) and 950 ± 456 for Masked Boobies (n = 273). The mean rate of passage of these three species along 8 the flyways between 1800 and 1900 h GMT was >3400 birds per hour. We detected no tail off in the rate of passage at last 9 light. 
Assembly site
11
Three independent datasets (i.e. migratory tracks of seabirds, at-sea records and on-land counts of seabirds) provided 12 evidence of an assembly site in the NW sector, potentially at 14-16°W and 4-6°S (Fig. 2) . Indicators that this location is Table 2 ). 
Discussion
20
Our results suggest that a non-breeding assembly site (i.e. a location in which there is a co-occurrence of individuals of NW segment of our study area is used more intensely by trans-equatorial migrants and by resident species from Ascension
25
Island than waters to the south or to the east of Ascension Island (Fig. 2) . Of the 20 species recorded on at least two occasions 26 at the assembly site, eight (40%) were tropical seabird species known to breed on Ascension Island. The breeding locations 27 of trans-equatorial migrants recorded at the assembly site were split equally between the Arctic, Antarctic and mid-latitude 28 regions with four species (20%) breeding in each region (Table 2) . At-sea records suggest that the assembly site is used most 29 months of the year but with peaks during migration in April and November. Our findings are important because to the best 30 of our knowledge no seabird assembly sites have previously been identified in pelagic waters around Ascension Island. 16°W where a ridge crest (Fig. 1) intersects the Romanche and Chain FZs (Mercier and Morin, 1997 ) and this may result in 10 a local area of higher productivity.
31
11
Shearwaters and other trans-equatorial migrants are highly dependent on strong winds to fly effectively and often rest 200 M in the north-westerly direction towards the assembly site (Fig. 2) . Navy's at-sea counts bird database, and to Rob Ronconi for permission to refer to his tracks of Great Shearwaters. We
18
thank Nicola Weber, Head of Conservation, Ascension Island Government, for constructive feedback on the manuscript.
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